MIMIVIRE is a defence system utilized by lineage A Mimiviruses against Zamilon 17 virophages. It is composed of a helicase, a nuclease and a gene of unknown function here 18 named trcg (for Target Repeat-Containing gene), which contains four 15-bp repeats identical 19 to the Zamilon sequence. Their silencing restored susceptibility to Zamilon, and the CRISPR-20
chloramphenicol and tetracycline. The virophage repeats were replaced with four repeats of 23 15 nucleotides identical to a sequence in the tetracycline resistance gene. The induction of the 24 MIMIVIRE genes restored E. coli sensitivity to tetracycline; the tetracycline operon and its 25 supporting plasmid harbouring the chloramphenicol resistance gene vanished. We therefore 26 efficiently transferred the defence system MIMIVIRE from giant Mimivirus against 27 virophage to E. coli to clear it from a plasmid. 28
Text 30
The first mechanism of defence for organisms is the cannibalization of alien sequences 31 to prevent their multiplication [1] [2] [3] [4] . This phenomenon has become critical in vertebrates, where 32 the number of integrated retroviruses reaches several thousand per organism 5 , and CRISPR 33 regulates the integration of alien gene sequences in bacteria and archaea as a defence 34 mechanism 6 . In Mimivirus, the specific resistance of lineage A to the Zamilon virophage (a 35 virus that infects Mimivirus) has led us to look for cannibalized sequences in an operon, 36 which we described under the name "MIMIVIRE" 1 (MIMIvirus VIrophage Resistance 37 Element). Silencing 3 genes from the MIMIVIRE operon encoding a helicase gene, a nuclease 38 gene and trcg (containing 4 small repeats of the virophage target) abolished MIMIVIRE 39 activity. We proposed that this is an adaptive defence system, a proposal that has been 40 controversial 7 . Nuclease and Mimivirus helicase have already been expressed to identify their 41 roles 6 , and a recent new study found that the nuclease is a functional homologue of the 42 CRISPR-Cas4 protein with dual nuclease activities 3 . Here, we explore the possibility of 43 transferring this system into Escherichia coli by targeting a plasmid containing a tetracycline 44 resistance gene. 45
To confirm the role of MIMIVIRE, we transformed E. coli with 2 plasmids, with one 46 containing the ampicillin resistance gene and MIMIVIRE and one containing tetracycline and 47 chloramphenicol resistance genes. We inserted the first system, including the 3 genes 48 involved in MIMIVIRE activity, into the expression vector PP37 under the control of the 49 IPTG-inducible T7 promoter ( Figure 1 ). The trcg sequence was modified to target the 50 tetracycline resistance gene (carried by the second plasmid), with 4 repeats of 15 nucleotides This result was reproduced 4 times, as shown in Figure 2 . We also tested the induction of the 57 MIMIVIRE system in a liquid medium. Two colonies of E. coli selected on agar plates 58 containing ampicillin and tetracycline were picked and cultured in 2 ml of medium containing 59 ampicillin and tetracycline. Two hours later, each culture was divided into two tubes, with one 60 supplemented with IPTG (to induce MIMIVIRE protein expression) and sampled regularly to 61 be tested on agar containing ampicillin and tetracycline. As shown in Figure 3 In conclusion, we show herein that the MIMIVIRE system of resistance to virophages 74 may be exported into bacteria and acts as CRISPR-Cas molecular scissors despite its different 75 organization. We believe that the use of 4 repeats mechanically increased the probability of 76 generating heteroduplex DNA-RNA, which inhibits DNA polymerase progression. We 77 hypothesize that the helicase opens the heteroduplex DNA-RNA and then the nuclease digests 78 single-strand DNA 3 . In any case, we proved the activity of a new defence mechanism 79 expressed in bacteria that may add to our arsenal in modifying eukaryotic and cell genomes. 80
Plasmid design and construction: 82
The 3 genes involved in MIMIVIRE activity were codon-optimized for E. coli expression, 83 synthesized by GenScript and cloned into pET24b(+) under the control of the IPTG-inducible 84 T7 promoter (Figure 1 ). The trcg sequence was modified to target tetracycline resistance by 85 replacing the 15 nucleotides of the Zamilon repeat with 15 nucleotides specific to the 86 tetracycline resistance gene (CGGCTCTTACCAGCC). To identify this sequence, the 87 tetracycline resistance gene was fragmented with a sliding window of 15 nucleotides and a 88 step of one nucleotide to generate all possible 15 nucleotide long sequences, which were used 89 as queries to search BLASTn for similar sequences in the two vector sequences (PP37 vector, 90 12,565 bp; pACYCl84 with the tetracycline resistance gene sequence deleted, 4,245 bp) and 91 then submitted to a BLAST search against the E. coli strain BL21 (DE3) genome sequence 92 downloaded from the NCBI GenBank database 55 (NC_ 012971.2). Two fragments were 93 identified that had the lowest similarity with these sequences. One of them, 94 CGGCTCTTACCAGCC, was used to construct the PP37 vector. The helicase and nuclease 95 genes were added following the modified trcg and organized into an operon under the control 96 of the inducible T7 promoter (Figure l) . 97
Transformation assay 98
The plasmids used in these experiments were PP37 vector synthesized by GenScript, 99 allowing inducible expression of the MIMIVIRE system under T7 promoter control ( Figure 1 
Induction of the MIMIVIRE system in E. coli 119
To test the effectiveness of the MIMIVIRE system in E. coli harbouring both plasmids 120 (PP37 vector and pACYC184), several colonies selected from LB agar plates containing 121 ampicillin and tetracycline (100 μ g/ml and 12 μ g/ml, respectively) were picked and cultured 122 in 2 ml of LB medium containing ampicillin and tetracycline (100 μ g/ml and 12 μ g/ml, 123 respectively) at 37 °C with shaking at 200 rpm. Two hours later, each culture was divided into 124 two tubes, with one supplemented with 1 mM IPTG to induce MIMIVIRE protein expression. 125
At regular time intervals, 10 µl of cell culture was diluted to 1 ml, from which 100 µl was 126 spread on LB agar plates containing ampicillin and tetracycline (100 μ g/ml and 12 μ g/ml, 127 respectively). The next day, each plate was digitalized on a Scan® 1200 instrument 128 (Interscience, France), and colonies were counted according to the manufacturer's recommendations. As a negative control to verify that bacterial death was not due to induction 130 only, the same experiment was performed on agar plates without tetracycline. 
